Summary
Introduction
Measurement of myofibrillar protein catabolism by assessing the urinary excretion of N7-methylhistidine (3-methylhistidine) has been proposed by several workers (Asatoor & Armstrong, 1967; Young, Haverberg, Bilmazes & Munro, 1973 Long, Haverberg, Young, Kinney, Munro & Geiger, 1975) . NT-Methylhistidine is thought to be incorporated into actin and myosin by methylation of certain histidine residues present in the peptide chains (Asatoor & Armstrong, 1967) . When they break down, the "-methylhistidine is excreted unchanged (Young, Alexis, Baliga, Munro & Muecke, 1972; Long et al., 1975) . Thus the NT-methylhistidine excreted in the urine should be directly related to the myofibrillar protein which has broken down. Therefore, measurements of the urinary excretion of this amino acid should be a useful, noninvasive method of estimating myofibrillar protein breakdown particularly in patients who are critically ill.
Although this principle has been used in numerous studies in man (Gross, Holbrook & Irving, 1978; McKeran, Halliday & Purkiss, 1978; Holbrook, Gross & Irving, 1979; Tomas, Ballard & Pope, 1979) , the presence of N7-methylhistidine in diets containing meat needs to be taken into consideration (Bilmazes, Uauy, Haverberg, Munro & Young, 1978) . Patients on intravenous nutrition or enteral feeding with liquid whole-protein or 'elemental' diets receive no N7-methylhistidine.
We report here our studies on the excretion of N7-methylhistidme by eight patients with enterocutaneous fistulae who were receiving intravenous or enteral nutrition, and 20 control subjects.
Methods
Two groups of healthy volunteers were studied to provide data for a control range. The first group consisted of eight males and two females with a 0143-5221/80/090211-04$01-50 0 1980 The Biochemical Society and the Medical Research Society mean age of 30.8 years (SD 9.7 years), mean height 1-74 m (SD 0.07 m) and mean weight of 66-1 kg (SD 8-1 kg). This group ate a meat-free diet for 3 days and urine was collected during the final 24 h period. A further 24 h urine collection was made at least 1 week after they had returned to their normal diet.
The second group consisted of 10 vegetarians (seven males and three females) with a mean age of 30.1 years (SD 9.4 years), mean height 1-72 m (SD 0.08 m) and mean weight of 64.7 kg (SD 10.57 kg). Four males and one female in this group were vegans. The vegetarians collected urine for a single 24 h period.
The third group consisted of eight patients with enterocutaneous fistulae from a variety of causes who received diets containing no N'methylhistidine for longer than 3 weeks. There were five males and three females with a mean age of 62.1 years (SD 8.9 years), mean height of 1.65 m (SD 0.11 m) and mean weight of 56.75 kg (SD 16.75 kg) at the start of the study. Urine was collected every 24 h throughout the study.
Urine from the volunteers was analysed for N'methylhistidine, creatinine and nitrogen.
Nitrogen losses from the patients were measured daily. A 24 h urine collection from the patients was analysed for N'methylhistidine and creatinine at weekly intervals for 3 weeks and the results averaged. "-Methylhistidine was measured by a JEOL JLC6AH amino acid analyser as previously described (Gross et al.,
1978).
Creatinine was measured by an automated Jaffe reaction with Technicon auto-analysers (Chasson, Grady & Stanley, 1961) , and nitrogen by an automated Kjeldahl technique (Holbrook, 1979) .
Statistical analysis of results between conventional, meat-free and vegetarian diets was by paired or unpaired Student's t-test where appropriate.
Results
There were no statistically significant differences between the ages, heights and weights of the two groups of volunteers. The patients were significantly older (P < 0.001) than the vegetarians. The results of the analyses on the urines are shown in Table 1 . On a meat-free diet the volunteers excreted significantly less N'methylhistidine (P < 0.01) and creatinine (P < 0.02), and had a significantly lower apparent breakdown rate (P < 0.01) than on their normal diet. The vegetarians excreted significantly less nitrogen (P < 0.001), N' -methylhistidine (P < 0.001) and creatinine (P < 0.005) than the group consuming meat. When compared with the volunteers consuming a meat-free diet, the vegetarians excreted significantly less nitrcgen (P < 0.02) and had higher fractional breakdown rates (P < 0.05).
There was a highly significant fall of NT-methylhistidine in the 24 h urine when a meat-free diet was consumed for 2 days before measurement, which concurs with the findings of other workers (Bilmazes et Tomas et al., 1979 ) that increasing age is associated with a decrease in Nrmethylhistidine excretion, but that the ratio of NTmethylhistidine to creatinine remains fairly constant after maturity. The N'-methylhistidine excreted by the patients in this study was often low compared with the controls. This may reflect their greater age compared with the younger controls, but muscle wasting and malnutrition may also play a role.
There was an unexpected difference in the apparent breakdown rates between the vegetarians and the people on a meat-free diet.
I
This was possibly related to creatinine intake, as, on questioning, we found that there had been an emphasis on dairy foods in the non-vegetarians. Since milk contains creatinine (Shahani & Sommer, 1951) , this may explain the relatively higher creatinine excretion in this group and hence their apparently lower fractional breakdown rates. The patients had not consumed ' meat for relatively long periods, and except for patient no. 8, their diet contained no dairy foods.
Five of the vegetarians were vegans and did not consume dairy foods. Furthermore, the lower nitrogen excretion by the vegetarians indicated a lower protein intake. There is also the possibility that 3 days on a meat-free diet was not long enough for the fall in creatinine to reach equilibrium. The vegetarians were, therefore, considered to be more comparable with the patients.
When fractional breakdown rates of the patients were compared with those of the vegetarians, two of the patients (nos. 5 and 8) had elevated values and one patient (no. 3) lower values. Patient no. 5 showed an increased breakdown rate and was obviously septic with a raised temperature and leucocyte count. Patient no. 8, who did not have a raised leucocyte count or pyrexia, also had increased breakdown rates and on subsequent post mortem was shown to have had a subphrenic abscess. Patient no. 3, whilst obviously septic with raised leucocyte counts and pyrexia, showed decreased breakdown, which may have reflected her wasted and starved state.
The remaining patients, except no. 4, had raised leucocyte counts or pyrexia at some time during the study suggesting the presence of sepsis but had breakdown rates similar to the healthy vegetarians.
From these results it would appear that elevated fractional breakdown occurs with severe sepsis provided that the patient is not in a starved state and losing weight. We have reported another patient with severe emaciation who did not respond to sepsis with an increased fractional breakdown rate (Milewski, Holbrook & Irving, 1980) . The "-methylhistidine excretion may therefore reflect the net result of adaptation to starvation, with muscle protein conservation, balanced against injury or sepsis, which increases breakdown. Long, Schiller, Blakemore, Geiger, O'Dell & Henderson (1977) reported the urinary NTmethylhistidine and creatinine excretion in a surgical patient with sepsis. There was an increased excretion of both compounds during the febrile phase but the NT-methylhistidine rose more, with apparent muscle-protein breakdown rates rising from 1.2 to 2.24%.
The elevated values seen in two of the septic fistula patients may therefore underestimate the actual breakdown rates if creatinine excretion had also increased.
From these results we suggest that NT-methylhistidine may be a useful way of measuring changes in myofibrillar protein degradation in patients on meat-free diets. However, before firm conclusions can be made, confirmatory direct measurements of breakdown in vivo are required.
Apparent muscle-protein breakdown during septic episodes may be underestimated if creatinine excretion increases and it may, therefore, be better to relate NT-methylhistidine excretion to other measures of muscle mass. In patients who are septic and adapted to starvation there may be a decrease in myofibrillar protein breakdown.
